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. ME^OD ANO USE OP POLVPEPHDE m S.ERM-EOG BmO,NC TO ENHANCE OR DE- 
CREASE FERTILITY 

TTTTTTn OF THF TMVENTIOH 

This invention relates to sperm-egg binding 
proteins and their uses. 

PArKGROUNP HF THE INVENTION 
Assisted reproductive technologies such as 
artificial insemination have been practiced conunercially 
with livestock and horses for almost a century, and with 
poultry, humans and other species for almost a half 
century. Artificial insemination requires a sample of 
semen consisting of spermatozoa produced by the testes and 
seminal plasma contributed by epithelial cells of the 
epididymides, deferent ducts and accessory sex glands. In 
addition to water, seminal plasma contains numerous 
proteins and glycoproteins, phospholipids, lipids, sugars 
and other carbohydrates, and ions. 

It was early recognized that those portions of 
eminal plasma originating from the deferent ducts and 
accessory sex glands are not essential for spermatozoa to 
acquire or to retain fertilizing capability. Furthermore, 
for some species, or for certain males of a species, 
retention of trace or moderate amounts of seminal plasma in 
association with the sperm is desirable for retention of 
fertilizing capability during storage, whereas for others 
seminal plasma is deleterious. The beneficial or 

deleterious effects of seminal plasma on sperm became 
increasingly evident as procedures were developed to store 
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sperm for several hours or days at 4 to 22 ' c r 

^ ^^ c, or for years 

at -196 * c. 

It has beco»e evident that certain proteins or 
glycoproteins, phospholipids, and other components of 
se..nal plasma can be loosely hound to sperm, presumably by 
interaction „ith the glycooalyx surrounding the sperm 
Plasma membrane, or less frequently by true incorporation 
.nto the Plasma membrane. Such molecules might be involved 
in binding of sperm to eggs. rt has been reported that a 
crude mixture of proteins, extracted from human sperm by 
treatment with o.. „ kcI. increased the number of human 
-perm bound to a human zona pellucida in .itro. jean et 
-1., "increased Zona-binding Ability After Incubation of 
spermatozoa with Proteins Extracted from Spermatozoa of 
15 Fertile Semen", J. ,f R.nrod„.ti„„ j 1 1 I , ,1995, 

vol. 105, pp. 43-4a. However, i„ contrast to the present 
invention, that protein was not obtained by freezing sperm, 
and that publication gives no clue to the identity of the 
active molecule(s), mechanism of action, or species 
20 specificity. 

The initial event in the fertilization process is 
binding of one or ™ore sperm to the egg investments. Most 
research has focused on the molecular nature of the egg 
coverings in mammals (zona pellucida, an acellular coating 
5 outside a mammalian oocyte, and plasma membrane) and the 

nature of enzymes or glycoproteins on or in the plasma 
membrane or acrosome of sperm in mammals and invertebrates. 
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Little research h=s be.n don. on the molecular nature of 
avian sper.-e,g binding, especially as it relates to the 
.•sperm side" of the interaction. 

in ma™,als, a spermatozoon is considered to bind 
5 to the oocyte through a series of e„-bindin, proteins 

(ligands, located on the surface of the spermatozoon which 
interact with appropriate members of a series of sperm 
receptors located on the investments of the oocyte, namely 
the zona pellucida and oocyte plasma membrane. 
^0 sperm-egg binding proteins generally are 

considered to be transmembrane proteins or glycoproteins, 
possibly with enzymatic activity, with an extracellular 
domain that interacts with a specific sperm receptor. The 
consensus scenario which has evolved is one of seguential 
binding: ,a, loose binding to the zona pellucida via one cr 
more molecules located on the sperm plasma membrane, (b, 

^^niif-ida via (a) inolecule(s) 
tight binding to the zona pellucida 

located on the plasma membrane and/or the acrosomal 
membrane, and ,c, tight binding to the oocyte plasma 

.0 membrane followed by fusion of the sperm and egg plasma 
membranes and entrance of the entire spermatozoon into the 
oocyte. Thus, species-specific adhesion between sperm and 
eggs is attributable to complexes formed between egg- 
binding proteins on sperm and complementary sperm receptors 

.5 on eggs. species non-specific egg-binding proteins are 
thought to exist, because binding to zona-free hamster 
oocytes occurs with sperm of many species, but at least one 
spacies-specific egg-binding protein also must be located 
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on the sp,r» surface. To date, no univ.^.l cl.s. 
cncii^at. molecules has heen iaentifxea as the species-non- 
specific, loose egg-binding component. 

SUMMABY Tin-prTTnii 
The present invention is a purifiec polypeptide 
(ter„ed universal primary sper.-e,g binding protein, or 

UPSEBP) which provides for initial bo„H • 

initial bonding of sperm to 

oocyte investments and uses of the polypeptide. The 
inventive polypeptide has biological activity in a variety 
Of avian and mam,„alian species and has active sites within 
the amino acid sequence embodied in SEQ ZD NO: 12 which is 

Cys-.l„-ser-l.eu-Gln-<.lu-Tyr-^eu-*la-siu-ci„.Asn-Gl„-*r,- 
cln-I.u-ciu-Ser-Asn-Lys-Ile-Pro-ciu-Val-Asp-^u-Ala-Arg- 
Val-Val-Ala-Pro-Phe-„et-Ser-Asn-lle-Pro-Leu-l,eu-Leu-Tyr- 

Pro-cln-Asp-Arg-Pro-Arg-ser-cln-Pro-Gln-Pro-^ys-Ala-Asn- 
Clu-Asp-Val-Cys. one of these active sites is within the 
portion of the amino acid sequence embodied in SEQ ID „o-, 

or «ln-Asp-Ar,-x-Arg-Ser-cln-Pro-cln-Pro-Lys-Ala- 
Asn, Where X is Thr or Pro. The tertiary structure of SEQ 
ID NO = i2 or a Similar sequence affects biological activity 
"ses of the synthetic or natural polypeptide include in 
vitro treatment of sperm to restore fertilising capacity 
for some samples of thawed cryopreserved sperm or to 
em,ance fertilizing potential of some fresh sperm, mtra- 
vaginal treatment of sperm to enhance sperm-egg binding and 
increase probability of fertilization, and use in an m 
vitro assay to determine fertilizing potential of sperm. 
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Antibodies to the polypeptide are also useful for In vitro 
assays to determine potential fertility of sperm or number 
of sperm-binding sites on an egg investment or in vivo as 
a contraceptive. 

5 There exists a need for a universal sperm-egg 

binding material for use in enhancing the ability of sperm 
to bind loosely with an egg or other fertilization or 
contraception techniques. 

HRTKF DESCPTPTTON Q P T'HF. FIGURES 

^0 Fig. 1 compares the number of sperm bound before 

+-reated with UPSEBP and 
and after cryopreservation, treatea 

untreated to fresh sperm; 

Fig. 2 compares the restorative ability of SGP-1 

• 3v n r and D When used to treat 
(prosaposin) and saposxns A, B, C ana u wne 

15 frozen-thawed rooster sperm; 

Fig. 3 compares the reduction in number of 
rooster sperm bound after treatment of sperm with 
polyclonal antibody against rat SGP-l, saposins A, B, C and 
D, and a portion of the intervening sequence between 

20 saposin A and saposin B; 

Fig. 4 compares the percentages of eggs which 
were fertilized (Trial 1) and hatched to provide a chick 
(Trial 2) , laid by hens artificially inseminated with fresh 
sperm, frozen-thawed sperm and treated frozen-thawed 

25 rooster sperm; 

Fig. 5a shows the fertility of 20 individual 

roosters, as the percentage of eggs laid providing a living 
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Chick, When 18 hans/n,ale ware inseminated with fresh sperm 
and 18 other hens/male were inseminated with treated fresh 
sperm from the same ejaculate, with 3 replicate 
inseminations; 

Fig. 5b Shows the percentage increase in 
fertility resulting from treatment of sperm with UPSEBP for 
the 20 roosters of Fig. 5a; 

Fig. 6 shows ranges of amounts of UPSEBP (crude 
extract of native protein) which partially restored binding 
capability to frozen-thawed rooster sperm; 

Fig. 7a shows the restorative capability of 
rooster UPSEBP (native protein extracted from rooster 
sperm) and rat SGP-l on binding of thawed cryopresarved 
turkey sperm; 

Fig. 7b shows the restorative capability of 
turkey UPSEBP (native protein extracted from turkey sperm) 
on binding of thawed cryopresarved rooster sperm and thawed 
cryopreserved turkey sperm; 

Fig. 8 shows the capability of rooster UPSEBP and 
turkey UPSEBP to restore the binding of turkey sperm stored 
at 4"C for 24 hours; and 

Fig. 9 shows the restorative capability of 
rooster UPSEBP (native protein extracted from rooster 
sperm) on binding of thawed cryopresarved stallion sperm. 
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ni^^.TT.Kn DE SrPTPTION OF T HF. INVENTION 
The present invention is a native or synthetic 
polypeptide which provides for sper.-egg binding and the 
uses Of the polypeptide. 'The polypeptide of the present 
invention is a member of the family of proteins including 
prosaposin (also termed SGP-1) and saposins. Prosaposin 
has been reported in human seminal plasma at 90 .g/ml and 
has long carbohydrate side chains. Four saposins (A, B, C, 
D) are produced by proteolytic cleavage of prosaposin, and 
individually have molecular weights of approximately 15 
kilodaltons. The three residual intervening segments 
between saposins A, B, C and D have no known function. The 
parent prosaposin and processed saposins have been detected 
in almost every tissue examined, including the brain, 
testes, heart, kidney, liver, spleen, semen and milk. 

The native polypeptide of this invention was 
purified by centrif ugation of sperm suspensions frozen and 
thawed in the presence of 10 to 12 percent glycerol, which 
provided a supernatant fraction which was passed through a 
300 kilodalton cut off ultrafiltration membrane. The 
filtrate was extracted with N-butanol: diisopropylether to 
remove lipid and provide a crude protein preparation. 
Addition of this crude protein to a suspension of frozen- 
thawed rooster sperm restored their ability to bind to the 
.embrane preparations from hen's eggs. The active moiety 
Of the native polypeptide was concentrated in the agueous 
phase after lipid extraction and had an apparent molecular 
weight of about 10 kilodaltons. 
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The active molecule reptesented less than o l 
percent of the crude protein recovered fro. the N-butanol- 
diisopropylether extracts, and was increased in specific 
activity .y use of a C3000-SWXL ,el filtration colu„ 
followed by C4-hydrophobicity chro-atography. 

Hereafter, the molecule, originally isolated froM 

rooster sperm, is termed "universal 

universal primary sperm-egg 

binding protein" or "UPSEBP. " The amino acid seguence SEQ 
ID NO:l (Tyr-Pro-sl„-Asp-Ar,-Thr-Arg-Ser-Gl„-Pro-Gln-Pro- 
I-ys-Ala-Asn, was found to confer substantial binding 
activity as did SEQ ID NO: 9 (Tyr-Pro-Gln-Asp-Arg-Pro-Arg- 
Ser-Gln-Pro-cln-Pro-Lys-Ala-Asn, and SEQ ID „o:l2 ,cys-Gln- 

Ser-Leu-Gln-Glu-Tyr-Leu-Ala-Glu-Gln-Asn-Gln-Arg-cin-Leu- 
clu-Ser-As„-l.ys-lle-Pro-Glu-Val-Asp-Leu-Ala-Arg-Val-Val- 
Ala-Pro-Phe-«et-Ser-Asn-Ile-Pro-Leu-l.eu-Leu-Tyr-Pro-Gln- 

Asp-Arg-Pro-Arg-Ser-Gl„-Pro-Gln-Pro-l.ys-Ala-Asn-Glu-Asp- 
Val-Cys). SEQ ID NO=12, which contains SEQ ID NO-S 
conferred substantial binding activity especially when 
oxidi.ed to form a molecule with a hairpin form. These 
amino acid sequences are compared in Table Ho. i with 
pertinent portions of the amino acid sequences of the 

Similar rat SGP-i (SEQ id NO-l4i Hi,™»r, « 

I w XL/ wu.i4;. Human prosaposin (SEQ JD 

NO:l5), and mouse prosaposin (SEQ id NO:i6) also are shown 

in Table 1. Neither SEQ ID NO:i nor SEQ ID KO:9 overlaps 

with the amino acid sequences of saposin A or saposin B 

and SEQ ID no: 12 is the entire intervening sequence saposin 

A-B Plus the terminal 6 amino acids of saposin A and the 

first 4 amino acids of saposin B. The biological activity 
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of SEQ ID no: 12 or UPSEBP is distinct frcn. those ascribed 
to saposin A, saposin B, or other regions of the intact 
prosaposin n^olecule. SEQ ID NO: 13 is a variation of SEQ ID 
no: 12 and also should have high biological activity. 

5 The biological activity of the native UPSEBP 

prepared fron, rooster spern, and synthetic amino acid 
sequences were compared in an in vitro assay of sperm 
binding described in copending United States Patent 
Application serial No. 08/234,448. This microwell assay 
used plates in which the wells were coated with a binding 
substrate prepared fro. an extract of hen's egg vitelline 
membrane. The thawed rooster sperm. Known to be reduced in 
UPSEBP, were washed once with isotonic salt solutions, 
resuspended at 50 x lOVO.l and incubated 30 minutes 

with 0.02-50 Mg/0.5 ml native UPSEBP or synthetic peptide. 
Then 0.1 ml of a suspension of about 5 x 10* sperm were 
placed into each of triplicate wells in a microwell plate. 
After 2 hours of incubation at 37*0, unbound sperm were 
washed away and bound sperm were stained and counted using 

20 a microscope. The number of sperm bound was considered to 

be a measure of biological activity because there is a high 
correlation between the number of rooster sperm bound in 
vitro to such an egg extract and the fertilizing potential 
of sperm in that sample, as quantified by the percentage of 

^H4,-irc after artificial insemination. 
25 eggs hatching young chicks after ari^ii- 

Table NO. 1 presents the amino acid sequence of 
synthetic peptides and the resulting binding capacity as 
compared to native UPSEBP (full sequence not provided). 

-9- 
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initial evaluations of tha capaMlitla. of SEQ id no- I 
through SEB id NO: 11, nativa UPSEBP and rat SOP-I to 
enhance sperm binding to an a„-„a.hrana substrate ware 
based on visual counts of hound sper. and conducted over a 
S nu^nher of months. The binding data for SEQ ID „o=i through 

SEQ ID NO: 12 and native UPSEBP and rat SGP-l presented in 
Table NO. 1 were obtained as two data sets using a recent 
version of that sperm-egg binding assay in which the bound 
sperm were stained with a fluorescent dye binding to DNA 
10 and quantified using a fluorescent microwell-plate reader 

by technigues known to those sWUed in the art. The amino 
acid seguences of portions of human prosaposin ,SEQ ID 
ho: 15) and mouse prosaposin (SEQ ID NO: 16) also are as 
shown • 

^ synthetic peptide having SEQ id NO:i provided 
sper^n binding capability similar to that of native uPSEBP. 
Using nanomolar concentrations of SEQ id no-i 
approximately twice as many sperm bound to the egg membrane 
substrate. The slightly shorter amino acid sequence of SEQ 
ID NO:2 had lower binding capability, and the very short 
SEQ ID no: 3 was essentially devoid of binding capability. 
The addition of amino acids distal to the terminal 
asparagine of SEQ ID NO: 3 as embodied in SEQ id NO: 4 and 
SEQ ID no: 5 did not substantially change biological 
activity. Replacement of the terminal proline in SEQ id 
NO:2 with a cysteine resulted in SEQ id NO: 6, with minimal 
Change in biological activity relative to SEQ id NO: 2. 
Additions at the NH, end of an acetyl group in SEQ id NO: 7 
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or phenylalanine ,roups in SEQ ID NO: 8 did not suppress 
biolcical activity relative to SEQ ID »0 = 2. SEQ ID N0=1 
consistently gave greater biological activity than SEQ ID 

NO: 2 through SEQ ID NO: 8. 

5 substitutions of threonine at amino acid number 

six in SEQ ID NO:l by proline resulted in SEQ ID NO: 9, 
which also had very high biological activity, approximately 
equal to that of SEQ ID NO:l. The addition of L-leucine to 
the NH, end of SEQ ID N0:1 resulted in SEQ ID NO: 10 and 

,0 addition of D-leucine to the NH. end of SEQ ID NO:l resulted 

in SEQ ID NO:ll. The binding activity of SEQ ID NO: 10 with 
the natural for™ of leucine was greater than that of SEQ ID 
no: 11 although both of these sequences had reduced activity 

relative to SEQ ID NO:l. 

,5 A synthetic peptide which embodied the complete 

intervening sequence between rat saposin A and saposin B 
was prepared as SEQ ID NO: 12. SEQ ID NO: 12 was studied in 
two forms.. As synthesized, SEQ ID NO: 12 had a linear, 
reduced form with SH-groups on the two terminal cysteine 

20 amino acids; in this linear form SEQ ID NO:12 had 

substantial biological activity and induced bindxng 
activity at 0.002nM and, thus, had a potency approximately 
90 times that of SEQ ID NO:9, which is entirely embodied in 
SEQ ID no: 12, or approximately 85 times the potency of SEQ 

25 ID NO:l. induced oxidation of the SH-groups in SEQ ID 

no: 12 modified it to a hairpin, or closed loop, form with 
an -S-S-linlcage between the two terminal cysteine amino 
acids. in this hairpin form SEQ ID NO: 12 had enhanced 

-11- 
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biological activity a„<j induced binding activity at 
0.0004n„ and, thu.. had 5 ti^es t.e activity of the linear 
forn, o, SEQ ID U0:l2 and ,2S ti.es the activity of SEQ ID 
HO:l. Clearly, the hairpin for- of SEQ ID „0:i, „a. „ore 
active than the linear for. and, thus, tertiary structure 
- well as amino acid sequence are important for binding of 

spen. to egg membranes by the molecule which is the subject 

Of this invention. 

The amino acid sequences of rat SGP-i etnd human 
or mouse prosaposins partially presented in Table i 
indicate that most of the SGP-i or prosaposin molecule is 
not essential for sperm-egg binding activity. Furthermore, 
the portion of the prosaposin molecule v.ith a sequence 
similar to that of SEQ id NO:i or SEQ id NO: 9 is an 
intervening sequence proteolytically cleaved during 
processing of prosaposin, namely the distal portion of the 
intervening sequence between saposin A and saposin B. 
sequences integral to any of the saposins (A, B, c or D) 
are not necessary for the biological activity of SEQ ID 
NO:i or SEQ ID NO:9. SEQ ID N0:12 extends the intervening 
sequence between saposin A and saposin B for 6 amino acids 
in the NH, direction into saposin A and for 4 amino acids in 
the COOH direction into saposin B. These extensions 
provide the terminal cysteines which are essential for 
formation of the hairpin loop form of SEQ ID NO: 12. SEQ id 
no: 5 combines the initial portion of saposin B with the 
terminal portion of the intervening sequence between 
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sapcsin A and saposin B with virtually no biological 
activity. 

Native or synthetic UPSEBP is useful for the 
following applications: a, as a. pro- fertility additive to 
fluids used to suspend or resuspend sperm at some point in 
the processing of semen for artificial insemination or for 
in vitro fertilization or similar assisted reproductive 
technology; b) as the active ingredient for a vaginal pro- 
fertility medication for self administration; c) as the 
basis for analogs containing the epitopes providing sperm 
binding but with sequences prohibiting successful binding 
to the egg investments for contraception; d) as the basis 
for a reagent for use in quantifying the amount of UPSEBP 
present on sperm to provide information related to the 
potential fertility of an individual spermatozoon or the 
population of sperm in a seminal sample; and e) as the 
antigen for the production of antibodies useful in 
predicting potential fertility. 

in one embodiment, native or synthetic UPSEBP is 
used to improve the capacity of fresh or frozen-thawed 
sperm to fertilize eggs. Prior to artificial insemination, 
an aliquot of fresh or frozen-thawed sperm is mixed with 
the native or synthetic UPSEBP which increases fertilizing 

capacity of the sperm. 

in another embodiment, native or synthetic 
polypeptide can be used as a pro-fertility medication to be 
administered intra-vaginally as a semi-solid, liquid, or 
foam shortly before coitus. The medication might contain 

-13- 
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any of SEQ ID N0=1, SEQ ID NO:9, SEQ ID NO:10, SEQ ID 
no: 12, SEQ ID N0:13 or native UPSEBP as tha active 
ingredient, suspended in an appropriate carrier „hich 
..aintalns biological activity, provides appropriate 
dispersion near the external cervical os, and facilitates 
effective and rapid partition of the active ingredient to 
the sperm after ejaculation. 

Analogs of the essential sequence within UPSEBP, 
such as SEQ ID N0:1, SEQ ID N0:9, SEQ ID NO:12, or SEQ ID 
NO:i3, Which contain the epitope(s) binding the molecule to 
sperm, and also contain alternative sequences which 
prohibit rather than facilitate binding, are useful for 
their contraceptive effect on sperm. a contraceptive 
medication containing the analog is administered intra- 
vaginally as a semi-solid, liquid, or foan. shortly before 
coitus. The medication containing a uPSEBP analog is 
suspended in an appropriate carrier which maintains 
biological activity and facilitates appropriate dispersion 
near the external cervical os and effective and rapid 
partition of the active ingredient to the sperm after 
ejaculation. 

in another embodiment, the amount of UPSEBP 
present on sperm prior to insemination is quantified and is 
predictive of fertilizing potential. Synthetic sequences 
such as SEQ ID NO:l, SEQ ID NO:9, SEQ ID N0:l2, or SEQ ID 
no: 13 are used as the basis for a reagent used in 
quantifying the amount of UPSEBP present on sperm to 
provide information related to potential fertility of 



-14- 



BNSDC3CI0: <WO_9725620AUI_> 



PCT/US97/00105 
WO 97/25620 

individual sp«r. or the population of sper. in a se.inal 
sample. UPSEBP apparently binds to spern, in a 

stoiohiometric manner until saturation is reaohed. 
Exposure of spern, to the labeled molecule enables 
quantification o£ unoccupied sperm sites for binding OPSEBP 
and, indirectly, the number of UPSEBP molecules which had 
been present on the sperm. The synthetic sequence (such as 
SEQ ID »0=1, SEQ ID NO:., SEQ ID N0=12, or SEQ ID HO=13, of 
UPSEBP is conjugated with fluorescein isothlocyanate, Texas 
Red, or other cyanine dyes, each of which fluoresces with 
a characteristic emission wavelength and intensity when 
excited with light Of the proper wavelength. A suspension 
o, sperm is exposed to an excess of labeled SEQ 10 HO=l, 
tor example, for approximately 5 minutes to enable binding, 
and then diluted >l:10,ooo and passed through a flow 
cytometer for quantification of the amount of SEQ ID NO:B 
bound by each of 3,000 to >10,oco sperm representative of 

• fh» ^amole A distribution profile can be made 

those in the sampxe. 

for the percentages of sperm in the sample lacKin, or 
having enough UPSEBP prior to analysis, with the latter 
liKely to have a high fertilising potential. similar use 
could be made of a synthetic sequence or UPSEBP labeled 
with a light-absorbing reporter. 

in yet another embodiment, the invention 
: encompasses antigens for production of antibodies useful in 

predicting potential fertility of sperm. Natural or 
recombinant/synthetic UPSEBP or an analog thereof can be 
used to produce monoclonal or polyclonal antibodies against 
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one or more epitopes of UPSEBP exposed while the molecule 
is bound by sperm. Antibodies against SEQ ID NO: 6 and SEQ 
ID NO: 12 have been produced and tested for use in such 
assays. Alternatively, a primary antibody against SEQ id 
no: 13, for example, can be cleaved into Fab-fragments, 
Which then can be directly labeled with a fluorescent 
cyanine dye before binding to the sperm. samples 
containing a high percentage of sperm which bind a large 
amount of antibody have high fertilizing potential, 
conversely, samples in which most sperm lacked typical 
amounts of UPSEBP would have poor fertilizing potential. 
In this embodiment, appropriate antibodies (or fragments 
thereof) are labeled with a fluorescent or light-absorbing 
reporter group and then used as a reagent to quantify the 
number of UPSEBP molecules present on each member of a 
population of sperm. The sperm treated with labeled Fab- 
fragments of antibody can be placed into an automated image 
analysis system in which both movement characteristics of 
individual sperm are quantified according to technologies 
known to those skilled in the art, and concurrently the 
number of exposed binding sites for UPSEBP on each 
spermatozoon is determined on the basis of fluorescence as 
disclosed herein. The resulting data establish a 

multidimensional distribution profile for the percentages 
of sperm in the sample lacking or having enough UPSEBP 
prior to analysis to have a high fertilizing potential, and 
also the motion characteristics of each cell in terms such 
as velocity, head yaw or wobble, and linearity of motion. 
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• such a BUlti-vector analysis of each individual .eBb.r =£ 
the sample population is predictive of potential fertility 

of that sample. 

Although the invention has been described 

5 generally above, particular examples give additional 

illustration of the products and method steps typical of 
the present polypeptide and uses thereof. The data 
presented in Figs. 1 to 3 and 6 to 9 show the number of 
sperm bound per unit area of laid hen's egg perivitelline 
membrane, or data derived from such binding, or bound to a 
substrate prepared using an extract from such perivitelline 
membranes pursuant to the method disclosed in co-pending 
patent application Serial No. 08/234,448. Except when 
noted, native protein extracted from rooster sperm with 
15 UPSEBP activity was used. 

^..u^- f^ Be - -^^=^'■^o" of -n'-"' hindjnq capability 

Freshly collected rooster sperm were 
cryopreserved, thawed and processed to remove glycerol, 
one portion of the thawed sperm received crude UPSEBP at a 
concentration of 2 ^, protein per 10' sperm. samples 
containing 1-10 x 10 < sperm were placed into wells coated 
with an extract of hen's eg, membrane and incubated lao 
minutes. Non-bound sperm were removed by washing, and 
bound sperm were stained with diamido-2-phenylindole and 
„ counted using an epif luorescent microscope. The results 

presented in Fig- 1 demonstrate the ability of UPSEBP to 
restore the capability of frozen-thawed rooster sperm to 
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bind to hen's egg membrane protein in comparison to 
unprocessed sperm. 



EXAMPLE 2: Con.parioon nf nr SERP ,,^,„ ^^^^ 

The procedures of Example i were repeated using 
SGP-i and hun.an saposins A, B, c and D. Fig. 2 shows that 
exposure of frozen-thawed sper. to SGP-i restored binding 
to >ioo percent of that obtained by exposure of other 
aliquots Of the same sample of frozen-thawed sperm to 
UPSEBP (2 ;.g/million sperm) and that human saposin b 
restored binding to about 70 percent of the level achieved 
using UPSEBP. Saposins A, c and D were ineffective at 
restoring binding. 

EXAMPLE 3: ftbni1-v of no^y^i.^^i antiHoH.'.. 

to neutralize c-p ^T-n. -eqa binHi;^ ' 

Polyclonal antibodies against rat SGP-i, human 
saposins and a portion of the intervening sequence between 
saposin A and saposin B were provided by others who had 
prepared the antibodies by techniques known in the art. 
Antibody and 12.5 x lo^ sperm were incubated for 15 minutes 
at room temperature. sperm binding was determined as in 
Example l. As shown in Fig. 3, antibodies against the 
intervening A-B sequence, saposin B and SGP-i were very 
effective in eliminating activity . of UPSEBP. Antibody 
against saposin A was less effective, and antibodies 
against saposins C and D had no effect. 
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r.v^M m.p 4; AbiJ ^^-Y °^ UPSKBP to improve 
^o'r n 1 tv ^ THS itthi irPrl rooster sp jj^ 

sperm in a sample of pooled semen were used to 
obtain fertility data before cryopreservation (i.e., fresh) 
5 and after cryopreservation and post-thaw processing 

slowly remove glycerol (frozen-thawed). One portion of the 
thawed sperm was suspended in Minnesota-A buffer alone, and 
the second was treated with Minnesota-A buffer containing 
crude UPSEBP at 2 ng protein per 10* sperm. As shown in 
10 Fig. 4, fertility of the sperm processed in UPSEBP was 

double that for sperm ■ not treated with UPSEBP and 
approached the level of fresh sperm. Hatchability of eggs 
artificially fertilized by sperm treated with UPSEBP 
increased from 18 to 25 percent. 

i^-vMoiPT.F 5: ^HHlitv of TTPSKBP to improve 
^5 ^-^fr^r^A-^.^ y nf fres h rooster sperm 

Fresh sperm from 20 individual roosters were 

divided into two aliquots: one remained untreated, and the 

other was treated with native rooster UPSEBP at 0.04 

20 protein per 10* sperm. The percent fertility (percentage of 

-200 laid eggs which resulted in a live chick) and percent 
increase in fertility over untreated sperm was determined 
and is depicted in Figs. 5a and 5b. For 8 out of the 20 
roosters tested, the addition of UPSEBP resulted in more 

25 than a 25 percent increase in fertility, and for another 5 

of the 20 roosters, there was a 7 to 23 percent increase in 
fertility. The rooster sperm with lower natural levels of 
fertility were most benefited by treatment with UPSEBP. 
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EXAMPI.F fi ; Amount of TTPgy-RP 

Rooster spern, subjected to a oryopreservatlcn 
cycle were treated with Increasing amounts of partially 
purified UPSEBP and subject to a standard binding assay 
together with aliguots of unfrozen (fresh, sper.. pi, 
Shows that treatment of frozen-thawed rooster sper. with 
0.04-4.0 UPSEBP per 10« sper. partially restored the 
sperm's capability to bind to the -embrane of a hen's egg. 

EX/UfPfcE 7: UPSEBP .r-^^,. nonlf^y . p— 1-- 
Frozen-thawed turkey sper» were exposed to 
rooster uPSEBP or se»l-p„rif ied SCP-I. Treatment of thawed 
frozen turkey sper- with rooster UPSEBP partially restored 
the capability of spem, to bind to a n>e»brane of a hen's 
egg as depicted in Pi,. ^^^^^^^ ^^^^^^^^ ,^ ^ 

manner similar to that used to prepare native rooster 
UPSEBP, also partially restored the capability of binding 
the turkey sper. or rooster sper„ to chicken egg „e«brane 
protein, as depicted in Fig. 7b. 

EXAMPLE 8: Treatmen t of sto red l-nr-v^y .^-rTn 

Turkey sperm were stored for 24 hours at 4*0. 
samples of the stored sperm were untreated or treated with 
2 protein per 10« sperm of rooster UPSEBP or turkey 

UPSEBP. samples of the treated and non-treated sperm were 
tested at 2.5 X 10^ sperm/well for their capacity to bind 
Chicken's egg membrane preparations together with samples 
Of fresh or killed sperm. As shown in Pig. a, after 24 
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hours the untreated sperm had depressed binding relative to 
the fresh sperm (0 hr.), and treatment with either rooster 
or turkey UPSEBP partially restored binding. 

PYAMPT.E 9i Treatm' ^ni- nf stallion sperm 
5 The ability of rooster UPSEBP to enhance binding 

of frozen-thawed stallion sperm to a chicken egg membrane 
preparation was evaluated. Sperm from two stallions of 
unknown fertility were frozen by a conventional procedure, 
one portion of each sample received no supplement, while a 
second portion received 2 rooster UPSEBP per 10« sperm. 
Fig. 9 Shows that for both seminal samples, rooster UPSEBP 
was effective in increasing the percentage of stallion 
sperm bound to hen's egg membrane. 

FV&MPLE 10 ? Antibody 

15 A primary antibody was produced in two rabbits 

against SEQ ID NO: 5, linked via the cysteine amino acid to 
keyhole limpet, with use of standard adjuvants and 
techniques. The immune serum was harvested and used as a 
primary antibody to label rooster sperm, fixed in low ionic 

20 strength buffer using paraformaldehyde and processed by 

standard techniques, after which fluorescein 
isothiocyanate-labeled goat-antisheep gama globulin was 
used as a second antibody. Analyses by flow cytometry 
revealed the percent of sperm as labeled, and visual 

25 examinations by epif luorescence microscopy revealed 
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localization of the antibodies to the head region, 
similar antibody was prepared against SEQ id NO: 12. 



A 



Although the invention has been described with 
particularity in the above text and examples, the invention 
is only to be limited insofar as is set forth in the 
accompanying claims. 
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Ml ^r,,r„„, SEQUENCE LISTING 

(1) GENERAL INFORMATION- 

(i) APPLICANT: HAMMERSTEDT. ROY H, BARBATO GUY F 
CRAMER, PALMER 

(li) TITLE OF INVENTION: MOLECULE INVOLVED IN BINDING OF SPEPM 

TO EGG SURFACES AND PROCEDURES FOR USE OF THtS Mnf f 2flr ^ 
TO ENHANCE OR DECREASE POTENTIAL FERTIlJ^T MOLECULE 

(ill) NUMBER OF SEQUENCES: 16 ''^■^^^^i J-Ai. ttRTILITY 

(iv) CORRESPONDENCE ADDRESS- 

^A?f ?S?iERlS^^^*^ ^ PENNSYLVANIA 

(B) STREET: 113 TECHNOLOGY CENTER 

(C) CITY: UNIVERSITY PARK 

(D) STATE: PENNSYLVANIA 

(E) COUNTRY: UNITED STATES OF AMERICA 

(F) ZIP: 16802-7000 

(V) COMPUTER READABLE FORM- 

(A) MEDIUM TYPE: FLOPPY DISK 

(B) COMPUTER: NEC 286 

(C) OPERATING SYSTEM: DOS 

(D) SOFTWARE: WORDPERFECT 5 1 
(vi) CURRENT APPLICATION DATA • 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(viii) ATTORNEY/ AGENT INFORMATION 

(A) NAME: MONAHAN, THOMAS J 

(B) REGISTRATION NUMBER: 29835 

(C) REFERENCE/DOCKET NUMBER • 
(IX) TELECOMMUNICATION INFORMATION - 

(A) TELEPHONE: 814-865-6277 

(B) TELEFAX: 814-865-3591 
(2) INFORMATION FOR SEQ ID NO - 1- 
(i) SEQUENCE CHARACTERISTICS • ' 

(A) LENGTH: IS 

(B) TYPE: AMINO ACID 

(C) STRANDEDNESS : SINGLE 

( D ) TO POLOGY : UNKNOWN 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO- 1- 

Tyr Pro Gin Asp Arg Thr Arg Ser'ciA Pro Gin Pro Lys 

Ala Asn ^° 
15 

(3) INFORMATION FOR SEQ ID NO • 2- 
(i) SEQUENCE CHARACTERISTICS-' 

(A) LENGTH: 12 

(B) TYPE: AMINO ACID 

(C) STRANDEDNESS: SINGLE 

(D) TOPOLOGY: UNKNOWN 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Tyr Pro Gin Asp Arg Thr Arg Ser'ciA Pro Gin Pro 

(4) INFORMATION FOR SEQ ID NO: 3- 
(l) SEQUENCE CHARACTERISTICS: 
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(A) LENGTH: 7 

(B) TYPE: AMINO ACID 

(C) STRANDEDNESS : SINGLE 

(D) TOPOLOGY: UNKNOWN 

Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 3. 

Gin Pro Gin Pro Lys Ala Asn 

1 5 
(5) INFORMATION FOR SEQ ID NO: 4: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: IS 

(B) TYPE : - AMINO ACID 

(C) STRANDEDNESS: SINGLE 

(D) TOPOLOGY: UNKNOWN 

S^IJf va. Crs ..n .sp 

1 5 

Cys Met 

15 



(6) INFORMATION FOR SEQ ID NO: 5 
(i) SEQUENCE CHARACTERISTICS: 



(A) LENGTH: 19 

(B) TYPE: AMINO ACID 

(C) STRANDEDNESS: SINGLE 
fD) TOPOLOGY: UNKNOWN 

Sririsf §xi''^"^ = vai C.. OXn C.3 

5 1 0 
J. 

Met Lys Leu Val Thr Asp 

(7) INFORMATION FOR SEQ ID NO: 6: 

li) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 

(3) TYPE: AMINO ACID 

■'O STRANDEDNESS: SINGLE 

(D) TOPOLOGY: UNKNOWN 



1 S 

-a) INFORMATION FOR SEQ ID NO. 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 12 

B) TYPE: AMINO ACID 

-■) STRANDEDNESS: SINGLE 
•D) TOPOLOGY: UNKNOWN 

^-'^P?^ o?f Sr-"--s2?cIn pro cm P.C 

1 5 1° 

2^ T^TFORMATION FOR SEQ ID NO: 8: 

[I) SEQUENCE CHARACTERISTICS: 

.A) LENGTH: 14 

3) TYPE: AMINO ACID 

C) STRANDEDNESS: SINGLE 
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Phe Phe Tyr Pro Gin Asp Arg Thr Arg Ser Gin Pro Gin 

„ 5 10 

Pro 

(10) INFORMATION FOR SEQ ID NO: 9- 
(i) SEQUENCE CHARACTERISTICS-* 
(a; LENGTH: 15 

(B) TYPE: AMINO ACID 

(C) STRANDEDNESS : SINGLE 

(D) TOPOLOGY: UNKNOWN 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO- 9- 

Tyr Pro Gin Asp Arg Pro Arg Ser Gin' Pro Gin Pro Lys 

Ala Asn ^° 
15 

(11) INFORMATION FOR SEQ ID NO- 10- 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 

(B) TYPE: AMINO ACID 

(C) STRANDEDNESS: SINGLE 

(D) TOPOLOGY: UNKNOWN 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO- 10- 

Leu Tyr Pro Gin Asp Arg Thr Arg Ser Gin Pro Gin Pro 

5 in 

Lys Ala Asn 
15 

(12) INFORMATION FOR SEQ ID NO- 11- 
(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 16 

(B) TYPE: AMINO ACID 

(C) STRANDEDNESS: SINGLE 

(D) TOPOLOGY: UNKNOWN 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11- 

Xaa Tyr Pro Gin Asp Arg Thr Arg Ser Gin Pro Gin Pro 

5 2.0 

Lys Ala Asn 
15 

(13) INFORMATION FOR SEQ ID NO: 12 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 60 

(B) TYPE: AMINO ACID 

(C) STRANDEDNESS: SINGLE 
.'D) TOPOLOGY: UNKNOWN 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12- 

Cys Gin £=r ^cu Gin Glu Tyr Leu Ala Glu Gin Asn Gin 

t ^1 ^ 10 

Arg Gin Leu Glu Ser Asn Lys He Pro Glu Val Asp Leu 

Ala Arg Val Val Ala Pro Phe Met Ser Asn He Pro Leu 

30 35 
Leu Leu Tyr Pro Gin Asp Arg Pro Arg Ser Gin Pro Gin 

45 50 
Pro Lys Ala Asn Glu Asp Val Cys 
55 60 
(14) INFORMATION FOR SEQ ID NO: 13- 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 61 

(B) TYPE: AMINO ACID 

(C) STRANDEDNESS : SINGLE 

(D) TOPOLOGY: UNKNOWN tt^ wn . i - 

gro^s^f/sro^f - - His 

Gin Lys Glu Leu Glu Ser Asn Lys He Pro Glu Leu Asp 

Met Thr Glu Val Val Ala Pro Phe Met Ala Asn He Pro 

Leu Leu Leu 5^ Pro Gin Asp Gly Pro Arg Ser Lys Pro 

Gin Pro Lys Asp Asn Gly Asp Val Cys 
55 ^° 
(15) INFORMATION FOR SEQ ID NO: 14: 
( i ) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 79 

(B) TYPE: AMINO ACID 

(C) STRANDEDNESS: SINGLE 

(D) TOPOLOGY: UNKNOWN 
c^nr-nrTarTT IDESCRIPTION : SEQ ID NO: 14: 



(XI 



Pro 


Gly 


Glu 


Val 


1 








Gin 


Glu 


Tyr 


Leu 




15 






Ser 


Asn 


Lys 


He 








30 


Ala 


Pro 


Phe 


Met 


40 








•Gin 


Asp 


Arg 


Pro 






55 




Glu 


Asp 


Val 


Cys 



10 

Glu Gin Asn Gin Arg Gli 
20 

Glu Val Asp Leu Ala Arc 
35 

Asn lie Pro Leu Leu Lei 
45 50 



25 



60 65 



70 75 
lie 

(16) INFORMATION FOR SEQ ID NO: 15: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 8 0 

(B) TYPE: AMINO ACID 

(C) STRANDEDNESS: SINGLE 

(D) TOPOLOGY: UNKNOWN 

xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15 



Gin Lys His Leu lla Glu Leu Asn His Gin Lys Gin Leu 
Glu ser Asn Lys He Pro llu Leu Asp Met Thr Glu Val 
val Ala Pro IL Met Ala Asn He Pro Leu Leu Leu Tyr 
'pro Gin ASP Gly Pro Ser Lys Pro Gin Pro Lys Asp 

Asn Gly isp val Cys Gin Asp Cys He Gin Met Val Thr 
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70 75 

Asp lie 
80 

(17) INFORMATION FOR SEQ ID NO: 16: 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 79 

(B) TYPE: AMINO ACID 

( C ) STRANDEDNESS : S INGLE 

(D) TOPOLOGY: UNKNOWN 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

Pro Gly Glu Val Cys Ala Leu Aan Leu Cya Gin Ser Leu 

Gin Glu Tyr Leu Ala Glu Gin Asn Gin Lys Gin Leu Glu 

15 20 25 

Ser Asn Lys He Pro Glu Val Asp Met Ala Arg Val Val 

30 35 
Ala Pro Phe Met Ser Asn He Pro Leu Leu Leu Tvr Pro 
40 45 50 

Gin Asp His Pro Arg Ser Gin Pro Gin Pro Lys Ala Asn 

52 60 65 

Glu Asp Val Cys Gin Asp Cys Met Lys Leu Val Ser Asp 

70 75 

Val 
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WHAT IS CLAIMED IS; 

1. A purified polypeptide which provides for 



itial binding of sperm to oocyte investments. 



2. The polypeptide of claim 1 having at least one 
active site for sperm-egg binding comprising an amino acid 
sequence selected from the group consisting of SEQ ID NO:l, 
SEQ ID NO: 9, SEQ ID NO: 12 and SEQ ID NO: 13. 

3. The polypeptide of claim 1 having a molecular 
weight of about 8-10 kilodaltons and at least one active 
site for sperm-egg binding having an amino acid sequence 
selected from the group consisting of SEQ ID NO: 12 and SEQ 
ID NO: 13 . 

4. The polypeptide of claim 3 having a tertiary 
structure comprising a hairpin form produced by bonding 
cysteine amino acids proximal to each end of the 
polypeptide. 

5. The polypeptide of claim 3 which is further 
characterized by its ability to increase the percentage of 
fresh sperm binding to oocyte investments and to restore 
initial binding of thawed cryopreserved sperm to oocyte 
investments. 

6. A method of enhancing sperm-egg binding 
comprising contacting sperm with a purified polypeptide 
having one active site which is bound to the sperm plasma 
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membrane and at least one other active site which 
facilitates the binding interaction of sperm with oocyte 
investments. 



7. The method of claim 6 wherein said active site 
comprises the amino acid sequence selected from the group 
consisting of SEQ ID NO:l, SEQ ID N0:9, SEQ ID N0:12 and 
SEQ ID NO: 13. 



8. The method of claim 6 wherein said sperm are 
cryopreserved and thawed. 

9. The method of claim 6 wherein said polypeptide 
is administered in an appropriate carrier intra-vaginally 
to a female prior to coitus. 



10. A method of contraception comprising 
administering, in an appropriate carrier intra-vaginally to 
a female prior to coitus, an analog of\he polypeptide of 
claim 3 which does not bind to oocytes, wherein said analog 
contains at least one epitope which binds to sperm with an 
affinity at least equal to the natural sperm binding 
epitopes, and further wherein said analog inhibits 
fertilization. 

11. A method of determining the fertilizing 
potential of sperm, comprising labeling the polypepjiide of 
claim 3 with a light-sensitive moiety, contacting a sample 
of sperm with said labeled polypeptide, exposing said sperm 
to a light source, and measuring the amount of labeled 
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polypeptide per sperm or sperm sample which reacts to said 
light source. 

12. The method of claim 11 wherein said moiety is 
a fluorescent molecule having a characteristic emission 
wavelength and intensity when excited by light of a certain 
wavelength. 

13. A method of determining sperm fertilizing 
potential, comprising producing a first antibody against at 
least one epitope of the polypeptide of claim 3 exposed 
While said polypeptide is bound by sperm, binding said 
first antibody to said epitopes, binding a second antibody 
to said first antibody wherein said second antibody is 
labeled with a light-sensitive moiety, and measuring the 
amount of labeled second antibody per sperm or sperm sample 
which reacts to a light source. 

14. The method of claim 13 wherein the antibody 
bound by sperm is a Fab-fragment of said antibody labeled 
with a light-sensitive moiety which reacts to a light 
source . 

15. A method for determining the number of sperm 
binding sites on an egg investment comprising a) producing 
a first antibody against at least one epitope of the 
polypeptide of claim 3 involved in binding the polypeptide 
to said egg investment; b) binding said first antibody to 
said epitopes on said egg investment in vitro; c) binding 
a second antibody to said first antibody wherein said 
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second antibody is labeled with a light-sensitive moiety; 
and d) measuring the amount of labeled second antibody per 
sperm or sperm sample which reacts to a light source. 

16. The method of claim 15 wherein the antibody 
bound by an egg investment is a Fab-fragment of said 
antibody labeled with a light-sensitive moiety which reacts 
to a light source. 



- 36 - 

BNSDOCtD: <WO 9725620A1_I_> 





BNSDOCID: <WO 9725620A1J_> 



wo 97/25620 



PCT/US97/00105 



2/6 



(Z lEUi :%) psMOien jEiiJ S663 





8NSDOCID: <WO 9725620A1_L> 




BNSDOCID: <WO. 9725620A1._I. 



wo 97/25620 



PCT/US97/00105 



4/6 




(Msaij p %) puno9 uuads 



BNSDOCID: <WO. 9725620A1_I_> 



PCT/US97/00105 

WO 97/25620 



5/6 




BNSDOCID: <WO 9725620A1_I„.> 




PCT/US97/00I05 



§ S S ? S ° O) 

(qsai J jo Yc) punog uuads LL 



BNSDOCID: <WO 9725620A1_I_> 



INTERNATIONAL SEARCH REPORT 



liilc ...ilu>nal application No. 
PCT/US97/O0JO5 



[7 CLASSIFICATION OF SUIJJliCT MATTtR 

|PC(6) :G01N 33/53; A6JK 38/10. 38/17; C07K 7/00. 14/00, 16/00 
US CL -435/7.1. 7. C. 7.92; 530/300, 326, 350. 387.1 
According to Inlcmalional Palcnt Classincation CIPC) or to both national cla^MAcation and IPC 



B. FIELDS SFARCHFJ) 



Mintmum documenuuon searched (class.ncat.on system followed by classificaiion symbols) 
U.S. : 435/7.1.7.2.7.92.530/300.326.350,357.1 



Documenuuon searched other than minimum documcnlalion to the extent that such documents arc mc 



ludcd in the fields searched 



Electronic dau base consulted during the international search ^na^le 
CAPLUS, APS, SEQUENCE DATABASES 



of dau base and, where practicable, search terms used) 



|c! DOCUMEN TS CONSIDERED TO BE RELEVANT 

Citation of document, with in dication, where appropriate, of the relevant passages 

COLLARD, W. M. et al. Biosynthesis and Molecular Cloning 
of Sulfated Glycoproiein 1 Secreted by Rat Sertoli Cells: 
Sequence Similarity with the 70-kilodalton Precursor to 
Sulfatide/GMI Activator. Biochemistry. 1988, Vol. 27, pages 
4557-4564, see entire document. 

WO 95/03821 Al (O'BRIEN ET AL) 09 February 1995, see 
entire document. 

CRAMER, P.G. et al. Sperm-egg binding Assay Assessing 
Potential Fertility of Rooster Sperm. Biology of 
Reproduction. May 1994, Vol. 50, No. 5, page 128, abstract 
293, see entire abstract. 



Relevant to claim No. 

1-4 



1-3 



5-16 



(3 Further docunients arc listed in the conlinualion of Box C. Q Sec patent family annex 



•E* 
•L* 



Special categories of ciusd docuincnu: 

document dcfuiinc the gencml aUOc of the art which u not conildcred 
lo be of particular relevance 

e*rUer document pubUihod on or after the iniemimon*! filing tl«tc 

document which mav throw doubta on priority cbim(«) or whi..h is 
cticd to eaiabUsh the publication dole of another cilauon or other 
■peetai reaaon (aa apeciTied) 

document referring to an orul diacloture, use. exhibition or other 



document published prior to the intcmBlionul filing date but Iui*;r than •& 



later docuincni published after the mlemalional fiimg date or prjonty 
date and not m conflicl with ihe application but cited to underatand the 
priactpk or theory underlying the invention 

do.,uincnl of portjcular relevance; the clniincO invcnuoo cannot be 
c^ider«i novel or cannot be conaidertri to involve .n mvenuvc .tep 
when the docuinenl ia uikcn olone 

document of particular relevance; the claimed invention cannot be 
conaideml to involve an inveoUve alep when the document la 

combined with one or more other such docuincnbi. such cofnbinntion 
being obviou* to a pcraon ikilled in the art 

ducuincnt member of the nmnc putcnt faintly 



Date of the actual completion of the inicrnaiioiial search 
05 MARCH 1997 


Date of mailing of ihc inu^aiional 

2 GMKRiaS' 


search report 




Name and mailing address of Ihc ISA/US 
Commissioner of Patents and Trademarks 

Box per 

Washington. D.C. 20231 
1 Facsimile No. (703) 305-3230 


Aulhori/cd officer 

KHALID MASOOD 
Telephone No. (703) 308-0196 







Form PCT/ISA/210 (second sheel)(Juty 1992)* 



BNSDOCID: <WO 9725620A1..I._> 



INTERNATIONAL SEARCH REPORT 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Inicriiaiumul appljcaiion No. 
PCT/US97/00I05 



Category* 



Ciution of document, with indication, whore appropriate, of the rele 



vani pass^f ces 



us 5.175.148 A (O'RAND ET AL) 29 December 1992, .ee entire 
document. 



Relevant to ciaim No 



5-16 



Form PCT/ISAyaiO fcominiiation of second shcetKiuly 1992)* 



BNSDOCID: <WO_9725620A1_I_> 



wo 97,''2562<J 



PCTaiS97/MI05 



1/6 






8NSCKDCID: <WO 9725620A1TI_> 



wo 97f2562f> 



3/6 




wo 97.13620 



FCT^'US97/0DI0S 



4/6 




BNSOOCID; <WO„ 9725620A1T(_> 



wo S7/25iii* 



PC.TirUS9'!/00lO5 





pcrr.''Lisg7.'t)Di05 - 





